Aims/hypothesis Additional susceptibility loci for type 2 diabetes have been identified by a meta-analysis of genome-wide association studies (GWASs) in European populations. To examine further the roles of these new loci, we performed a replication study for the association of these single-nucleotide polymorphism (SNP) loci with the disease in three independent Japanese populations. Methods We genotyped seven of the 11 SNPs that emerged in stage 2 of the meta-analysis for European GWASs (rs864745 in JAZF1, rs12779790 near CDC123/CAMK1D, rs7961581 near TSPAN8/LGR5, rs4607103 near ADAMTS9, rs10923931 in NOTCH2, rs1153188 near DCD and rs9472138 near VEGFA) for three independent Japanese populations (first set, 1,630 type 2 diabetes patients vs 1,064 controls; second set, 1,272 type 2 diabetes patients vs 856 controls; third set, 486 type 2 diabetes patients vs 936 controls) using a TaqMan assay. The association of the SNP loci in each population was analysed using a logistic regression analysis, adjusting for age, sex and BMI, and the data were evaluated by a meta-analysis. Results A meta-analysis for the three case-control studies identified a nominal association of rs864745 in JAZF1 with type 2 diabetes (OR 1.148, 95% CI 1.034-1.275, p= Diabetologia
Introduction
Type 2 diabetes affects more than 200 million individuals worldwide, and its prevalence is still progressively increasing in many countries, including Japan. The precise mechanisms underlying the development and progression of type 2 diabetes have not been elucidated yet, but a combination of multiple genetic and/or environmental factors might play important roles in the pathogenesis of the disease [1] .
Following the discovery of the transcription factor 7-like 2 gene (TCF7L2) as a strong susceptibility gene for type 2 diabetes [2] , genome-wide association studies (GWASs) conducted by several independent European and American research groups have identified multiple susceptibility loci for type 2 diabetes in populations of European descent [3] [4] [5] [6] [7] . Sladek et al. identified the haematopoietically expressed homeobox (HHEX) and solute carrier family 30 member 8 (SLC30A8) locus [3] , and the Wellcome Trust Case Control Consortium (WTCCC)/United Kingdom Type 2 Diabetes (UKT2D), Diabetes Genetics Initiative (DGI) and Finland-United States Investigation of NIDDM Genetics (FUSION) groups identified the CDK5 regulatory subunit associated protein 1-like 1 (CDKAL1), cyclin-dependent kinase inhibitor-2A/B (CDKN2A/B) and insulin-like growth factor 2 mRNA binding protein 2 (IGF2BP2) locus as susceptibility loci for type 2 diabetes in addition to TCF7L2, potassium inwardly rectifying channel subfamily J member 11 (KCNJ11) and peroxisome proliferatoractivated receptor gamma (PPARG) locus [4] [5] [6] . The associations of CDKAL1 and SLC30A8 with the disease were also identified by another GWAS conducted in the Icelandic population [7] . In addition, Japanese research groups, including ours, recently identified an association of the potassium voltage-gated channel KQT-like subfamily member 1 (KCNQ1) locus with type 2 diabetes in populations of East Asian descent [8, 9] . Because most of these loci have also been shown to be associated with type 2 diabetes in other ethnic populations [8] [9] [10] [11] [12] [13] , these loci could be considered as convincing susceptibility genes for type 2 diabetes across different ethnicities.
Recently, at least six additional susceptibility loci for type 2 diabetes were identified by a meta-analysis of GWASs and subsequent large-scale replication studies in populations of European descent [14] . Although these additional loci are also considered as susceptibility loci for the disease, it is necessary to evaluate the contributions of these loci in conferring susceptibility to type 2 diabetes in other ethnic populations; this is because it is well known that there are significant differences in the frequencies of some genetic variations among different ethnic groups [15] [16] [17] .
The aim of the present study was to determine whether the variations identified by the meta-analysis of GWASs in European populations are associated with susceptibility to type 2 diabetes in the Japanese. [18] . Type 2 diabetes is clinically defined as a disease with gradual adult onset. Individuals who tested positive for anti-GAD antibodies and those diagnosed as having mitochondrial disease (mitochondrial myopathy, encephalopathy, lactic acidosis and stroke-like episodes) or maturity-onset diabetes of the young were not included in the Case patient groups. Written informed consent was obtained from all the participants, and DNA was extracted using the standard phenol-chloroform procedure. The protocol was approved by the ethics committee of the RIKEN Yokohama Institute, Japan.
Methods

Participants
In the present study, we first chose the 11 SNPs that emerged in stage 2 of the GWAS meta-analysis for type 2 diabetes in European populations [14] , and selected seven of them (rs864745 in JAZF1, rs12779790 near CDC123/ CAMK1D, rs7961581 near TSPAN8/LGR5, rs4607103 near ADAMTS9, rs10923931 in NOTCH2, rs1153188 near DCD, and rs9472138 near VEGFA) to investigate their association with type 2 diabetes in several independent Japanese populations. With regard to the remaining four SNPs, one (rs17036101) is in high linkage disequilibrium (LD) (r 2 =0.8) with rs1801282 (Pro12Ala polymorphism in PPARG), two SNPs (rs7578597 and rs10490072) have been shown to be mono-allelic in the Japanese, and one (rs2641348) is within absolute LD to rs10923931 in NOTCH2. Therefore, these four SNPs were excluded from the present study. Each SNP genotyping was performed by the TaqMan assay (Applied Biosystems, Foster City, CA, USA). The success rates of these assays were >95% and the concordance rates in selected duplicate samples (1.5% of all study individuals) were 99.8% (rs864745, 98.8%; rs12779790, 100%; rs7961581, 100%; rs4607103, 100%; rs10923931, 100%; rs1153188, 100%; rs9472138, 100%).
Statistical analysis
The power of sample size to identify the association of investigated SNPs with type 2 diabetes was calculated using 'CaTS power calculator for genetic studies' software (www.sph.umich.edu/csg/abecasis/CaTS/, accessed 1 November 2008). We performed Hardy-Weinberg equilibrium (HWE) tests according to the method described by Nielsen et al. [19] . To evaluate the difference in the population structure among Case and Control groups, we performed Wright's F statistics [20] . Individuals randomly selected from each group (about 376 individuals each) were genotyped for 43 randomly selected SNPs, and the results indicated that there is little difference in population structure between the present Case and Control groups (Electronic supplementary material [ESM] Table 1 ).
The differences between the Case and Control groups in terms of distribution of genotype scored with an additive model were evaluated using a logistic regression analysis, adjusting for sex, age and log e -transformed BMI. We further performed a meta-analysis with a fixed-effect model Chr, chromosome after investigating evidence for heterogeneity of the ORs using Cochran's Q statistics [14, 21] . Combined estimates of the ORs were calculated by weighting the log e ORs of each study by the inverse of their variance.
Results
The genotype distribution of each SNP selected for the present study (see Methods) in the Case and Control groups was shown in Table 2 . Genotype distributions of the most SNP loci did not deviate from HWE, except for two SNPs (rs4607103 and rs10923931) whose distributions showed borderline values in Control 3 (p=0.01, Table 2 ). As shown in Table 3 , rs864745 and rs12779790 tend to have the same direction of the association with type 2 diabetes in all three populations, as previously reported in European GWASs. Subsequent meta-analyses revealed that rs864745 showed a nominal association with susceptibility to type 2 diabetes (nominal p=0.0098, OR 1.148, 95% CI 1.034-1.275), but the association did not stand after Bonferroni's correction (corrected p=0.068). We could not observe any association between other SNP loci and type 2 diabetes (nominal p>0.05). Among seven SNP loci examined in this study, five showed the same direction as the direction initially reported by Zeggini et al. [14] , and a probability that five or more SNPs go in the same direction is 0.23
7 Â 0:5 0 Þ based on a binomial distribution. We further compared frequencies of the reported risk allele in the Japanese populations with those in the European populations (Table 4 ). The allele frequencies for most of the SNPs examined in the present study were considerably different between the Japanese populations and populations of European descent.
Discussion
In the present study, in three independent Japanese population sets we examined seven additional SNPs that emerged in stage 2 of the GWAS meta-analysis for type 2 diabetes in European populations. We demonstrated a nominal association of rs864745 in JAZF1 with the disease by a meta-analysis, but the association of all seven SNP loci did not attain statistically significant levels after correction for multiple testing errors.
Recent advances in human genetic research have facilitated the identification of genes conferring susceptibility to common diseases such as type 2 diabetes from across the entire human genome by using a large number of individuals, and GWASs have been conducted worldwide [3] [4] [5] [6] [7] [8] [9] . The latest meta-analysis of GWASs for type 2 diabetes in European populations has reported the existence of 11 candidate SNPs. Among them, six SNP loci were confirmed as new susceptibility loci for type 2 diabetes in those of European descent through large-scale replication studies [14] .
In our meta-analysis, one SNP, rs864745 in JAZF1, among the examined seven SNPs had nominal association with type 2 diabetes in the Japanese populations with the same direction as previously reported (Table 3 ) [14] , but the association of all seven SNPs, including rs864745, did not reach statistically significant levels after Bonferroni's correction (corrected p>0.05). Since the Control individuals were significantly younger than the Case patients in our first and third Sets (Table 1) , we further selected Control participants who were ≥50 years in these Sets (ESM Tables 2 and 3 ). However, the results were not changed after we re-analysed the association of the SNP loci with type 2 diabetes using these selected Control individuals by logistic regression analyses followed by meta-analyses (ESM Table 4 ). The discrepancy of the results between the present study and the European study reported by Zeggini et al. [14] may be explained by the ethnic difference, because clear differences in the allele frequencies of these SNPs exist between the Japanese and European populations ( Table 4 ). The genotype distributions of all examined SNPs in the present study were considered to be within HWE, although those for rs4607103 and rs10923931 showed borderline values in Control 3 (Table 2 ). Because the concordance rate for the present study was nearly 100%, and the population structures of our Case and Control groups were shown to be the same by Wright's F statistics (ESM Table 1 ), it is unlikely that our present data were skewed by the genotyping errors or by the presence of population stratification. However, considering the relatively weak effects of these loci, ORs were approximately 1.1 in European populations [14] , and the estimated powers of the present study were 61%, 56%, 67%, 78%, 14%, 11% and 43% at α<0.05, and 33%, 29%, 39%, 51%, 3%, 3% and 19% at α<0.0071 (significance level after Bonferroni's adjustment) for rs864745, rs12779790, rs7961581, rs4607103, rs10923931, rs1153188 and rs9472138, respectively; thus, the possibility of insufficient study power could also be a probable reason for missing these SNPs as susceptibility variants for type 2 diabetes.
Recently, Grarup et al. reported that three SNP loci, namely, rs864745 in JAZF1, rs12779790 and rs7961581, were significantly associated with traits of insulin secretion in a glucose-tolerant Danish population [22] . Since rs12779790 near CDC123/CAMK1D and rs7961581 near TSPAN8/LGR5, in addition to rs864745, tended to show borderline association with type 2 diabetes in our metaanalysis (nominal p=0.0729 and 0.0730, respectively, Table 3 ), these two SNP loci in addition to rs864745 might have some effects on conferring susceptibility to type 2 diabetes also in Japanese populations. However, another similar study by Staiger et al. was unable to demonstrate any significant association of these SNPs with prediabetic traits [23] . Therefore, further study will be required in the Japanese as well as in other ethnic populations to evaluate the association of those 11 SNP loci, including six SNPs confirmed by Zeggini et al. [14] with type 2 diabetes.
In conclusion, we performed a replication study for the association of the meta-analysis-derived risk loci for type 2 diabetes in 6,244 Japanese individuals from three independent populations, and identified that rs864745 in JAZF1 showed a nominal association with type 2 diabetes, although the association of all seven SNPs in this study did not attain statistically significant levels. Therefore, the contribution of the seven examined loci in conferring susceptibility to type 2 diabetes is considered minor in the Japanese population, if they are present.
